This paper presents a comparative study which investigates the influence of Saudi Arabic guttural consonants /χ/, /ħ/ and /h/ on the vowel /a/ when they are adjacent and in the same syllable. Cohn (2007 , 2009 ), Flemming (2001 ), and Keating (1996 discuss a unified model in which phonology and phonetics are treated as two distinct elements of one domain where each element has an effect on the other to some degree. presented phonological studies on gutturals, as well as discussions on gutturals as a natural class, which uphold the phonological aspect of Cohn's (2009) unified model. The aim of this study is to address the phonetic aspect of Cohn's (2009) unified model by analyzing the phonetic effects of guttural-vowel coarticulation. An acoustic analysis method was used as a framework for this investigation to extract first formant frequency (F1) and second formant frequency (F2) to measure the influence in the coarticulation. For the purpose of this study, seven native Saudi Arabic speakers were recorded pronouncing 70 Saudi Arabic words. The results showed that guttural consonants have an influence on the vowel /a/ by lowering and backing it when they are adjacent and in the same syllable, while the vowel /a/ in the nonguttural consonants is raising and fronting their adjacent vowel /a/ in the same syllable in comparison with the vowel /a/ in the guttural environment.
Introduction
Many linguists (Wright, 1964; Al-Ani, 1970; Brame, 1971; Ghazeli, 1977; Al-Sweel, 1987; Al-Mozainy, 1981; Abd-el Jawad, 1991; McCarthy, 1991 McCarthy, , 1994 Yeou, 2001; Watson, 2002; Zawadeh, 2004; Bin-Muqbil, 2006; Al-Tamimi, 2007) have studied the phonological and sound systems of Arabic and its dialects in general, as well as the gutturals (Note 1) in specific. They found that gutturals in Standard Arabic and its dialects show phonological regularity such as (a) avoiding two gutturals in one syllable, (b) failing to occur in the coda position while there is no onset, and (c) spreading the [+low] feature by changing a [+high] vowel into [+low] vowel. This regularity provides evidence and support for the argument that guttural is a natural class. Keating (1990) discussed the interface between phonetics and phonology and referred to the lack of a phonetic study on the gutturals in Standard Arabic. Thus, the research presented in this paper aims to build on previous research by acoustically investigating the influence of guttural consonants on vowels in Saudi Arabic. Cohn (2007 , 2009 ), Flemming (2001 , and Keating (1996) investigated and discussed the challenge of the phonetic-phonology interface. They agreed that there is one domain in which phonetics and phonology are two distinct approaches that interface. In this domain, phonetics affects phonology and vice versa. They also mentioned that phonetic is not only gradient, but could also be a categorical, while phonology could be both categorical and gradient. They provided some evidence for their assumption, such as coarticulation, assimilation, and vowel reduction. These authors presented a unified model which aims to map the effects phonetics and phonology has on each other.
In this paper, research is presented which builds on the phonological studies of [gutturals] as a natural class by measuring the coarticulation effect in a guttural environment. Here, I am not providing a connection between phonetics and natural class, but the results of this study (i.e., a phonetic study) and earlier phonological studies are similar but not the same, which could lead us to a unified view of guttural consonants in Standard Arabic. The Coarticulation and assimilation are evidence of the relationship between phonetics and phonology. For example, fronting of vowels by coronals has been studied as assimilation in phonology; however, it has also been studied from the phonetic perspective, and the results show that the degree of fronting of vowels by coronals differs between languages and sometimes even in the same language (Flemming, 2001) . Keating (1996) discussed how velar fronting before front vowels can be both a phonological rule and a phonetic interpolation.
For the research presented in this paper, Flemming's (2001) and Chitoran and Cohn's (2009) unified model of phonetics and phonology, which claims the two are similar yet distinct has been adopted. Their unified model is based on mapping the effects of phonological patterns in phonetics and the effects of phonotactic patterns in phonology.
Phonological Studies on Gutturals
During the past two decades, phonological studies on gutturals in Standard Arabic and its dialects (Hebrew and Salish languages) have been conducted by linguists (McCarthy, 1991 (McCarthy, , 1994 Rose, 1996; Zawaydeh, 1999 Zawaydeh, , 2004 Bin-Muqbil, 2006) . These authors concluded that gutturals have specific features which support [guttural] as a natural class. These phonological patterns are:
 Avoid coda position.
 Vowel lowering in guttural syllables.
 Vowel-vowel harmony in guttural context (In some Arabic dialects, but not in the Standard Arabic (SA)).

Avoid two gutturals in the same syllable (i.e., co-occurrence restriction).
Thus, from earlier phonological studies, gutturals can be seen as behaving as one group or one domain, which satisfies the first part of Chitoran and Cohn's (2009) and Flemming's (2001) unified model. In the next section, the second part of this model is addressed with my research on the phonetic changes in guttural-vowel coarticulation.
Methodology
The influence of guttural consonants /χ/, /ħ/ and /h/ and nonguttural consonants on the adjacent vowel /a/ in the same syllable was investigated in this study. To achieve this goal, acoustic analysis to measure and analyze the first formant frequency (F1) and the second formant frequency (F2) to determine the influence in the coarticulation was employed.
The focus of this research is to provide an in-depth analysis by analyzing only three voiceless gutturals: /χ/, /ħ/ and /h/. In addition, since the aim of this study is to provide in-depth understanding of the phenomena rather than generalized claims, the number of participants was limited to only 7 speakers (Note 2). The seven participants are native Saudi Arabic speakers (Najdi Arabic), and all participants gave their consent to participate in this study.
The data include recording 70 words-60 words in a guttural environment and 10 words in a nonguttural environment (hint: the non-guttural consonants are /k/, /n/, /s/, /f/, /r/, and /l/). More specifically, 10 words are in χVC position, 10 words are in CVχ position, 10 words are in ħVC position, 10 words are in CVħ position, 10 words are in hVC position, and 10 words are in CVh position. For the non-gutturals, 10 words are tested in CVC position (for more information regarding the data used please see appendix A).
For the purposes of this study, the participants were asked to articulate the Saudi Arabic words. These words were articulated three times each in the following context: (Boersma & Weenink, 2001) . The settings used with the Praat software were the default settings of 0.0 second time step, a maximum formant frequency of 5000 (Hz), a maximum of 5 formants, a window length of 0.025 second, and a dynamic range of 30 (dB). Table 3 shows a comparison between the effect of gutturals on the initial and midpoint frequencies of the F1 of the vowel /a/ in backward (L-R) coarticulation; it also shows a comparison between the effect of gutturals and non-gutturals on their adjacent vowel /a/. First, the findings in Table 3 show that there is an effect of gutturals on their adjacent vowel /a/ in the same syllable. Also found is that the L-R coarticulation effect could be seen higher in the initial position in comparison with the midpoint position in guttural context. Furthermore, Table 3 shows a comparison between the effect of gutturals and non-gutturals on the F1 frequency of the vowel /a/, and I found that gutturals have a higher effect on the initial and midpoint positions in comparison with the non-gutturals. Gutturals in L-R coarticulation have a higher effect on initial position than on the midpoint position by lowering initials more than the midpoint. Also, gutturals in L-R coarticulation have a higher effect on their adjacent vowel /a/ by lowering it more than the vowel /a/ in non-gutturals. Also, the t-test came out that the vowel in guttural context are affected significantly than in non-guttural context. Next to be considered is Table 4 , or forward coarticulation. Table 4 shows a comparison between the effect of gutturals on the initials and midpoints in forward (R-L) coarticulation. Also, it shows a comparison between the effect of gutturals and non-gutturals on the F1 of the adjacent vowel /a/. This research found that in forward coarticulation (R-L coarticulation) the midpoint position of the vowel /a/ has been affected by the gutturals more than the initial position. Same as in Table 3 , the gutturals in coda position show that they significantly affect their adjacent/following vowel than the non-gutturals. The total mean of the midpoint of the vowel /a/ is 642 Hz, while the total mean of the initial position of the vowel /a/ is 589 Hz. This means that midpoint is lower than the initial position and this is because of guttural coarticulation. Furthermore, as shown in Table 5 , the gutturals have a higher effect on the vowel /a/ than do the non-gutturals. The total mean of the F1 formant of the vowel /a/ in a guttural context is 615 Hz while it is 542 Hz in a nonguttural context, which means that gutturals have lowered the F1 of the /a/ more than the non-gutturals have done with the F1 of the vowel /a/. Table 5 in this study shows the effect of gutturals in forward (R-L) coarticulation on the initial and midpoint of the F2 formant of the vowel /a/. Also, this table shows the effect of gutturals and non-gutturals in R-L coarticulation on the F2 formant of the adjacent vowel /a/. The findings show that midpoint positions of the vowel /a/ in forward coarticulation have low values in comparison with the values of initial positions. This means that, in forward coarticulations, gutturals have an effect on the midpoint positions by backing the midpoint position because it is closer to the guttural than the initial position to the gutturals. Also, this table shows that gutturals have a higher effect on the vowel /a/ by backing the vowel /a/ more than the non-gutturals did with the vowel /a/. The total mean of the F2 of the /a/ in guttural context is 1359 Hz, while the total mean of the F2 of the vowel /a/ in nonguttural context is 1614 Hz, which means that the vowel /a/ in guttural context is sitting in the back of Hayes' Figure ( 2013) (i.e., Figure 2 ) while the vowel /a/ in a nonguttural context is sitting in the front of Hayes' Figure (2013) . Table 6 , as in the previous tables, shows a comparison between the effect of gutturals in backward (L-R) coarticulation on the F2 formant of the initial and midpoint positions of the vowel /a/. Also, this table shows a comparison between the effect of gutturals and non-gutturals on the F2 formant of the vowel /a/ in backward coarticulation. The results, as in previous tables, show that gutturals always have a high effect on the closest position of the vowel /a/ to gutturals, and in this table the initial position is the closest position of the vowel to the gutturals. The comparison between the initial and midpoint position of the F2 formant of the vowel /a/ in L-R coarticulation shows that gutturals have an effect on the initial positions more than on the midpoint positions. Also, Table 6 shows that the value of the F2 formant of the vowel /a/ in a guttural context is low in comparison with the value of F2 of /a/ in nonguttural contexts, which means that the guttural is backing the vowel /a/ more than the non-gutturals are. F2 of gutturals in onset or coda positions has the same affects as the F1which shows that guttural significantly influence their following vowel /a/ than their count part non-gutturals do. To sum up as well as that the va are in cod Finally, th ir influence on should be cond ore studies sho st that there sh etic process of phonetic theor e, support, and and suggestion quality to its c r Alharbi, and Linguistics midpoint positi oartiulation her effect on t the forward an mpact on the cl gutturals alway on vowel /a/, w e CVG contex of /a/ is close ed to us that gu value of the vo ed on the place ffected than th n gutturals or w uence the Saud he same syllabl rmant frequenc econd formant n this paper th uttural consona lizing it while n uttural] as a n honological st 06), and Syla n the vowel / ducted. Also, t uld be done th ould be an aco f coarticulation ry and sound s d encourageme ns on the first d content. Also, d Mufleh Alq ions, in guttura the vowel /a/ th nd backward c losest position ys move the in which is closer xt appears to be er to the guttu utturals have a owel /a/. Also, e of the guttur he initial positi within non-gut di Arabic guttu le. In this stud cy (F1) to dete t frequency (F he findings are ants do not, an nonguttural co natural class, a tudies such as akGlassman (2 a/ were analy this study teste hat analyze the oustic analysis n and compare system. ent. I am also draft of this pa many thanks g ahtani for the Vol. 10, No. 1;  al and non-gut han the nongut coarticulations n of the vowel nitial position o r to the nongut e lower and ba ural than the i a phonotactic e , the findings rals. If the gutt ion and vice v tturals.
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